Abstract The understanding of flower initiation, development, and maturation in mangosteen is of paramount importance to shorten its long juvenile phase and to synchronize its flowering or fruiting time. In this study, we have identified 97 tentative unique genes with higher expression levels in young flower buds compared to young shoots by using suppressive subtraction hybridization and reverse northern analysis. Sequence analysis showed that 63.9% of these transcripts had non-significant matches to sequences in the non-redundant protein database in GenBank, 19.6% had significant matches to unknown proteins while the remaining 16.5% had putative functions in transcription, stress, signal transduction, cell wall biogenesis, photosynthesis and miscellaneous. The full-length cDNA of GmAGMBP encoding AG-motif binding protein (a zinc finger transcriptional factor), and 3 0 termini cDNA sequences of GmHSA32 and GmBZIP, encoding heatstress-associated 32 (HSA32) and bZIP transcription factor, respectively; were cloned and further analysed. Real-time PCR analysis revealed that these three genes have different transcript profiles in flowers of different developmental stages and young shoots. The highest abundance of transcripts was achieved in flowers with diameters ranging from 0.5 to 0.9 cm for GmAGMBP and GmBZIP and in flowers with diameters less than 0.5 cm for GmHSA32. Southern analysis suggested that GmAGMBP might be single copy gene while GmHSA3A could possibly belong to a small gene family in the mangosteen genome.
Introduction
Mangosteen (Garcinia mangostana L.) or ''the queen of tropical fruit'' is one of the slowest-growing and longest living trees. The exocarp of mangosteen fruit is deep reddish purple when ripe, and its fragrant edible flesh is sweet and creamy. In Southeast Asia, the fruit pericarp of mangosteen has been used traditionally as medicine for inflammation, diarrhea, dysentery, wounds and skin infections (Yaacob and Tindall 1995) . The mangosteen pulp contains high amounts of energy, vitamins and minerals.
Mangosteen can be consumed fresh and also as processed food. The demand for mangosteen fruits usually exceeds the supply. However, it has not been cultivated on large scale due to extremely slow growth of developing seedlings, unusually long juvenile phase, low fruit yield, and biennial fruit bearing seasons. These problems need to be addressed in order to expand the mangosteen fruit industry to fulfill the increasing demand.
Flowering is a fundamental process in plant development that leads to fruit formation, involving the transition of vegetative shoot to reproductive growth (Jordan and Anthony 1993) . Flowering can be divided into four sequential stages, starting with floral induction, followed by transduction of the induced state to the meristem, floral evocation of the meristem, and eventually organogenesis. The identity of floral organs is regulated by five classes of homeotic genes: A, B, C, D, and E genes (Theissen and Melzer 2007) . The expression of class A genes determines the identity of sepal while the combinations of A and B genes, and B and C genes, specify the identities of petal and stamen; respectively. The identities of carpel and ovule are determined by class C and D genes, respectively. Besides, the expression of class E genes is also required for normal organ development (Pelaz et al. 2000 (Pelaz et al. , 2001 . The homodimers or heterodimers of A, B, C, D, E proteins form functional ''quartet' complexes that determine the identity of floral parts (Pelaz et al. 2000; Theissen and Melzer 2007) .
The molecular mechanisms underlying the initiation, development, and maturation of flower in mangosteen are poorly understood. Therefore, it is of paramount importance to study the flowering process in mangosteen to shorten its long juvenile phase and to synchronize its flowering or fruiting time. In this study, transcripts that were differentially expressed in the young flower buds of mangosteen compared to young shoots were identified using suppressive subtraction hybridization (SSH) and sequenced to provide more information on the transcripts associated with the flowering process of mangosteen. The SSH technique is a powerful approach to obtain transcripts that are specifically or differentially expressed in a particular tissue. This technique has been successfully used in the isolation of floral genes from various species including Asarum caudigerum (Zhao et al. 2006) , Lilium longiflorum (Hsu et al. 2007 ) and apetalous flower mutant of Brassica napus (Zhou et al. 2008 ). In addition, we also further analysed the gene copy number of selected transcripts from the flower buds of mangosteen and their transcript profiles in flowers of different developmental stages and young shoots.
Materials and methods

Plant materials
Flower buds with diameters ranging from less than 0.5, 0.5-0.9, 1-1.5, 1.6-2 cm, more than 2 cm, fully open flower and young shoots of mangosteen (Garcinia mangostana L.) were collected from the nursery at Universiti Putra Malaysia, Serdang, Malaysia. The flower buds with diameters ranging from less than 0.5, 0.5-0.9, 1-1.5, 1.6-2 cm and more than 2 cm, were yellow green in color with compact floral organs (petals, staminoids and ovary) enclosed by sepals at the outer layer. The red margins of the inner sepals were obvious in flower buds with diameters ranging from 1 to 1.5, 1.6 to 2 cm and more than 2 cm. The fully open flower displayed four sepals (in two pairs), four broadly obovate and thick fleshy petals that were yellow green with red margins or entirely red, many short staminodes, stigma with six radiates and an ovary which was ellipsoid to globose. The samples were rinsed with distilled water, frozen in liquid nitrogen and stored at -80°C.
Suppressive subtraction hybridization (SSH)
Total RNA was isolated using the method described by Chan et al. (2007) . Poly A ? mRNA was isolated from total RNA using lMACS mRNA isolation kit (Miltenyi Biotec, Germany) . SSH was performed using PCR-Select TM cDNA Subtraction Kit (Clontech, USA) according to the manufacturer's instructions. The cDNA from flower buds with diameters ranging from 1 to 1.5 cm was hybridized to that of young shoots to subtract the commonly expressed genes in both tissues. The primary and secondary PCR amplifications were optimized at 30 and 17 cycles, respectively. The secondary PCR products were size-fractionated and purified using the QIAquick PCR Purification kit (Qiagen, Canada). The cDNA fragments were cloned into pCR 4-TOPO vector and transformed into Escherichia coli One Shot Top 10 competent cells (Invitrogen, USA). The transformed cells were plated on Luria-Bertani (LB) plates containing 50 lg/ml kanamycin and incubated at 37°C overnight. Single colonies were inoculated in 1 ml LB liquid medium supplemented with 50 lg/ml kanamycin and used for bacterial colony PCR.
Reverse northern analysis
Each PCR reaction contained 1 ll of bacterial culture grown in LB containing 50 lg/ml kanamycin, 1 9 PCR buffer (10 mM Tris-HCl, pH 8.8 at 25°C, 1.5 mM MgCl 2, 50 mM KCl and 0.1% Triton X-100), 1 mM of dNTPs, 0.4 lM nested Primer 1, 0.4 lM nested Primer 2R (provided in the PCR-Select TM cDNA Subtraction Kit), and 1 U DyNAzyme II DNA polymerase (Finnzymes, Finland) . The PCR conditions were as follows: 1 cycle at 94°C for 5 min; 30 cycles at 94°C for 30 s, 68°C for 30 s and 72°C for 1.5 min; and an additional extension step at 72°C for 7 min. The PCR products were separated using 2% (w/v) agarose gel in 1 9 TAE buffer and blotted onto MAGNA nylon transfer membranes (GE-OSMONICS, USA). Hybridization was performed in the presence of 5 9 Denhardt's solution, 5 9 SSC, 0.5 M sodium phosphate buffer, 0.5% (w/v) SDS, 10 lg/ll denatured salmon sperm DNA, and biotin-labeled subtracted cDNAs of flower buds with diameters ranging from 1 to 1.5 cm or young shoots, respectively, at 65°C for overnight. The blots were washed twice in 2 9 SSC, 0.1% (w/v) SDS at room temperature for 5 min followed by washing in 0.5 9 SSC, 0.1% SDS for 15 min for the first wash and 30 min for the second wash at 65°C. The detection was performed by using streptavidinalkaline phosphatase (Promega, USA) and chemiluminescent substrate CDP-Star (Roche, Germany).
DNA sequencing and sequence analysis Plasmid DNA samples were extracted from subtracted cDNA clones using Perfect Ò Plasmid 96 Vac, Direct Bind (Eppendorf, Germany) according to the manufacturer's instructions, and sequenced using universal primer (M13R or T7). Vector and adaptor sequences were removed before the assembly of DNA sequences into a set of contiguous sequences (tentative unique contigs, TUCs) with longer reads using the Contig Assembly Program 3 (CAP3) (Huang and Madan 1999) . The sequences were compared to the non-redundant peptide database at the National Centre for Biotechnology Information (NCBI) (http://www.ncbi. nlm.nih.gov) using Basic Local Alignment Search Tool (BLAST) version 2.2.17 (Altschul et al. 1990 ). Matches with scores C50 were considered as significant, whereas matches with scores \50 and no hits were considered as non-significant.
Isolation of cDNA sequences at the 5 0 -and 3 0 -termini of GmAGMBP, GmBZIP and GmHSA32
A cDNA library was constructed from 5 lg poly A ? RNA isolated from the flower buds of mangosteen (with diameters ranging from 0.5 to 0.9 cm) by using a Lambda Uni-Zap XR cDNA kit (Stratagene, USA) and packaged using Gigapack III Gold Packaging Extract (Stratagene, USA). The full-length cDNA of GmAGMBP (GenBank accession no. FG618470) and 3 0 -termini of cDNA encoding GmHSA32 (GenBank accession no. FG618455) and GmBZIP (GenBank accession no. FG618440) were isolated from the cDNA library using PCR. The first round of nested PCR mixture consisted of 1 ll amplified cDNA library, 1 mM dNTPs, 1 9 PCR buffer (10 mM Tris-HCl, pH 8.8 at 25°C, 1.5 mM MgCl 2, 50 mM KCl and 0.1% Triton X-100) and 1 U DyNAzyme II DNA polymerase (Finnzymes, Finland), 0.2 lM GmAGMBP-R2 (5 0 -GAA TCAACTCTGGTGTCTTG-3 0 ) and T3 for the isolation of the 5 0 terminus of cDNA encoding GmAGMBP, or
(5 0 -CCAGAGGTTGGAGTCTTTGAA-3 0 ) and T7 primers, for the isolation of 3 0 -termini of cDNA encoding GmAGMBP, GmHSA32 and GmBZIP, respectively, in a total reaction volume of 25 ll. The PCR amplification was performed at 95°C for 5 min, followed by 30 repetitions of 95°C for 1 min, gradient temperatures between 55 to 65°C for 30 s, 72°C for 2 min, and at 72°C for 5 min. Then, 1 ll of the first round PCR products were reamplified in the second round of nested PCRs using GmAGMBP-R1 (5 0 -CACCAGTTTTGTTTCTCATC-3 0 ) and T3, or GmAGMBP-
0 ) and T7, respectively. The amplicons with the expected sizes were cloned and sequenced. Protein motif scanning was performed using MotifScan (http://myhits. isb-sib.ch/cgi-bin/motif_scan). Multiple sequence alignment was performed by using ClustalW program (Thompson et al. 1994) . The subcellular location of the deduced protein was predicted using Protein Subcellular Localization Prediction program (http://wolfpsort.org/).
Real-time PCR
Three transcripts (GmAGMBP, GmHSA32 and GmBZIP) were analyzed using real-time PCR, with 17S RNA as endogenous control. Total RNA was isolated from flower buds with diameters ranging from less than 0.5, 0.5-0.9, 1-1.5, 1.6-2 cm, more than 2 cm, fully open flower and young shoots of mangosteen, using the method described by Chan et al. (2007) . First strand cDNA was synthesized from 5 lg DNAse I-treated total RNA using SuperScript 
and GmBZIP-R (5 0 -GGAA CTCCATAGACACACACC-3 0 ). The 17S rRNA sequence was amplified using two PCR primers based on the sequence of 17S RNA from Oryza sativa subspecies japonica (GenBank accession no. X00755): Os17SRNA-F (5 0 -ATGGCCGTTCTTAGTTGGTG-3 0 ) and Os17SRNA-R (5 0 -GTACAAAGGGCAGGGACGTA-3 0 ) and used as an endogenous control. Real-time PCR was performed using Brilliant SYBR Green QPCR master mix (Stratagene, USA) in iQTM5 (Bio-Rad, USA). The reaction mixture contained approximately 100 ng equivalent of first-strand cDNA, 1 9 master mix (Stratagene, USA), 30 nM reference dye, 50 nM of each primer (except for Os17SRNA-F and Os17SRNA-R whereby 100 nM each was used) in a final volume of 25 ll. The PCR amplification was performed at 95°C for 10 min; 40 cycles of 95°C for 30 s, 55°C for 1 min, 72°C for 1 min. An additional cycle at 95°C for 1 min, 53°C for 30 s, 95°C for 30 s was performed for melting curve analysis. All the PCR amplification was performed in three replicates. The results obtained were analyzed using a relative quantification method described by Livak and Schmittgen (2001) and Pfaffl (2001) . The transcript abundance in all tissues was expressed as relative fold change to those in the tissues Trees (2009) 23:899-910 901 with the least transcript abundance after normalization to the transcript abundance in the endogenous control.
Southern analysis
Genomic DNA from G. mangostana was isolated from young shoots of mangosteen by using the cetyl trimethyl ammonium bromide (CTAB) method described by Ausubel et al. (1998) . A total of 20 lg genomic DNA was digested with EcoRI, HindIII, TaqI, and NotI (for GmAGMBP) or XbaI (for GmHSA32), respectively; and fractionated using 0.8% (w/v) agarose gel prior to blotting onto Hybond N ? nylon membrane (Amersham Bioscience, USA). The DNA probe was synthesized from PCR-amplified DNA fragment using the following primers: GmAGMBP-SF (5 0 -AG TCCAACCTTTGTTCCGTCT-3 0 ) and GmAGMBP-SR (5 0 -ACAAGGAAGACAAAGGGGAAA-3 0 ), GmHSA32-SF (5 0 -GGCTACTGAACTTGTCGAGGA-3 0 ) and GmHSA32-SR (5 0 -GCATCAGTTTTGCTGGTTCTT-3 0 ) and labeled with biotin-14-dCTP (Invitrogen, USA). Hybridization was performed at 65°C in 5 9 Denhardt's solution, 5 9 SSC, 0.5 M sodium phosphate buffer (pH 7.2) overnight. Washing was carried out in 0.5 9 SSC, 0.1% SDS (w/v) for 15 min at 50°C. Detection was performed as described above.
Results
The elimination of transcripts shared by both young shoots and flower buds with diameters ranging from 1 to 1.5 cm and enrichment of rare transcripts in young flower buds using SSH have facilitated the isolation of transcripts that were differentially expressed in young flower buds of mangosteen. The flower buds with diameters ranging from 1 to 1.5 cm were chosen for this study, because they were collected in abundance compared to floral buds at earlier stages which were less distinct and difficult to be identified.
A total of 522 recombinant clones were isolated after the cloning of subtracted cDNAs. Subsequently, 153 (29%) cDNA clones that were predominantly expressed in flower buds, compared to young shoots, were identified by reverse northern analysis. Sequencing of these subtracted clones resulted in 149 readable sequences (GenBank accession no. FG618421-FG618569) ranging from 100 to 800 bp. They were assembled into 97 tentative unique genes (TUGs) comprising of 30 TUCs (assembled from 82 cDNA sequences) and 67 singletons. The number of sequences in each TUC ranged from two to six, and only five TUCs contained four or more sequences.
Among these TUGs, 62 of them had non-significant matches to sequences in the non-redundant protein database in GenBank, including 32 sequences with scores ranging between 32 and 49, and 30 sequences with no matches to the database. Among the 35 TUGs that showed significant matches to the database, 16 of them were assigned putative functions, whereas the remaining 19 TUGs had significant matches to hypothetical proteins and unknown proteins. The annotated TUGs were classified as transcription factors (4), transcripts related to stress (3), signal transduction (2), cell wall biogenesis (2), photosynthesis (1) and miscellaneous (4) ( Table 1) . Most of these sequences showed high similarities to plant sequences from Vitis vinifera, Medicago truncatula, Oryza sativa, Arabidopsis thaliana and Solanum demissum.
Three subtracted cDNA clones, i.e., GmAGMBP (FG618470), GmHSA32 (FG618455) and GmBZIP (FG618440) encoding AG-motif binding protein, heatstress-associated 32 (HSA32) or phosphosulfolactate synthase-related protein (PSL), and bZIP transcription factor, respectively, were selected for the isolation of full-length cDNA (GmAGMBP) or cDNA sequences at the 3 0 termini (GmHSA32 and GmBZIP) and real-time PCR analysis.
The full-length cDNA sequence of GmAGMBP (GenBank accession no. EU809511; 1,556 bp) contained an open reading frame (ORF) of 1,005 bp, encoding a putative protein of 335 amino acids with 139 bp at 5 0 -untranslated region (UTR) and 412 bp at 3 0 -UTR including the poly(A) tail (Fig. 1) . The nucleotides flanking the first start codon (TAGAATGGGAGC) at position -3 (A) and ?4 (G), are identical to the consensus sequence from plants (Cavener and Ray 1991; Joshi et al. 1997) . The deduced molecular weight of the predicted protein was approximately 36.5 kDa with a predicted isoelectric point (pI) of 6.46. This sequence has 61% identity to an unnamed protein product from V. vinifera (Genbank accession number CAO68940). It was also found to be similar to the AG-motif binding protein from Nicotiana tabacum (Genbank accession number BAC98495) with 51% identity and the GATA-type zinc finger from A. thaliana (Genbank accession number NP_191041) with 40% identity (Fig. 2) . The predicted protein of GmAGMBP consists a serine-rich region between amino acids 95 and 149 (Fig. 1) , and a predicted GATA zinc finger domain between amino acids 238 and 273 that are also conserved in other members of GATA zinc finger domain containing protein family (Fig. 2) . The GmAGMBP protein was also predicted to contain a sequence similar to the nuclear localization signal (NLS) upstream of the zinc finger domain (Fig. 1) .
The partial cDNA sequences of GmHSA32 (GenBank accession no. FJ411078) and GmBZIP (GenBank accession no. FJ411077) with complete 3 0 -UTR sequences were isolated by using PCR. The deduced amino acid sequence of GmHSA32 has highly significant matches to amino acid sequences of HSA32 or PSL from A. thaliana; L. esculentem, O. sativa and Physcomitrella patens (Fig. 3) , whereas the deduced amino acid sequence of GmBZIP shared many conserved amino acid residues with BZIPs from Glycine max, A. thaliana, N. tabacum and L. esculentem, including the leucine zipper motif (Fig. 4) .
Real-time PCR analysis revealed that all these three genes have different transcript profiles in flower and young shoot tissues examined (Fig. 5) . Each primer set used for real-time PCR produced a single PCR product with the expected size with no primer-dimer products. The PCR efficiency for all primer set was above 90% and the dissociation curve analysis indicated that the specificity of the amplifications was high as only single peaks were generated using the cDNA from young shoots and flowers as templates. The PCR primers designed based on 17S rRNA sequence from rice were highly specific to the respective sequence in mangosteen with close to 100% efficiency.
The lowest abundance of GmAGMBP transcripts was detected in flowers with diameters ranging from 1.6 to 2 cm. The gene expression levels of GmAGMBP in flowers with diameters that were less than 0.5, 0.5-0.9 and 1-1.5 cm; were 5.21, 6.15 and 3.95-fold of that in flowers with 1.6-2 cm in diameter (Fig. 5a ). The abundance of GmAGMBP transcripts in flowers with diameters that were more than 2 cm, fully open flower and young shoots was in an increasing order ranging from 2.47 to 3.78-fold of the abundance of transcripts in flowers with diameters ranging from 1.6 to 2 cm. The transcript abundance of GmBZIP was highest in flowers with diameters ranging from 0.5 to 0.9 cm and lowest in flowers that were more than 2 cm in diameter. The expression levels of GmBZIP decreased in flowers with diameters that were less than 0.5, 1-1.5, 1.6-2 cm compared to those in flowers that were 0.5-0.9 cm (Fig. 5b) . The abundance of GmBZIP transcript in flowers with diameters ranging from 1 to 1.5 cm was higher than those in young shoots in agreement with the reverse northern analysis, while the expression level of GmAGMBP and GmHSA32 in flowers with diameters ranging from 1 to 1.5 cm was almost equal to that in the Fig. 1 The nucleotide and deduced amino acids sequence of GmAGMBP. The asterisk indicates the stop codon of the ORF. The serine-rich region is shaded in gray. The predicted nuclear localization signal (NLS) was shown in box. The consensus sequence AGATAA is in bold. The restriction enzyme sites for TaqI are underlined young shoots (Fig. 5c) . The transcript abundance of GmHSA32 in flowers with diameters that were less than 0.5 cm was the highest. The transcript abundance of GmHSA32 decreased in flowers with diameters ranging from 0.5 to 0.9 cm and in flowers at subsequent stages, with no transcripts being detected in flowers with diameters that were more than 2 cm. GmAGMBP probe produced single signals when hybridized to genomic DNA digested with EcoRI, HindIII, and NotI (Fig. 6a) . Meanwhile, no signal was observed for genomic DNA digested with TaqI although small fragments were expected to hybridize to the probe. Since the fragments were short, the signals could be too weak and therefore undetectable on the blot. GmHsa32 probe produced several signals with different intensities when hybridized to genomic DNA digested with EcoRI, HindIII and TaqI (Fig. 6b) . These signals could be generated by hybridization of GmHSA32 probe to gene sequence of members of the same family. The results suggested that GmAGMBP might be single copy gene while GmHSA3A could possibly belong to a small gene family in the mangosteen genome.
Discussion
Our study showed that only 29% of the cDNA clones obtained from SSH were predominantly expressed in young flower buds compared to young shoots. This is in agreement with a previous report (Ausubel et al. 1998 ) that 20-50% of the clones in a well-constructed subtraction library were differentially expressed in target tissue while the remainders were cDNAs that were shared by both cDNA populations used in SSH. Sequence analysis showed that only 30.9% (30/97) of the TUGs in this study contained two or more sequences. Since the average length of the cDNA sequences obtained was short, we do not exclude the possibility that some of these TUGs resulted from nonoverlapping sequences of the same transcripts.
It is not surprising that a high percentage (63.9%) of the transcripts were classified into the ''non-significant'' category as there are not many sequences from mangosteen in the database. In addition, the transcripts isolated by using SSH technique are dependent on the origins of the two RNA samples used for subtraction; and most of them could be rare and unique transcripts that have not been reported. It is also possible that some of these sequences represent only the 5 0 or 3 0 UTR sequences of the corresponding cDNAs that do not have matches to other transcripts in the database. However, a close examination of the mangosteen transcripts that have no matches to the database revealed that only a few of them resemble the 3 0 -UTR from plants with polyadenylation signals, or the nucleotide sequence flanking the first start codon at 5 0 -UTR. Although the average length of the cDNAs obtained was short, open reading frames were predicted in many of these TUGs.
Among the 16 sequences that shared significant homologies with annotated sequences in the database were four transcription factors: AG motif binding protein or GATAtype zinc finger protein (GmAGMBP), C3HC4-type zinc Fig. 3 Multiple alignment of amino acid sequence of GmHSA32 (GenBank accession no. FJ411018) from Garcinia mangostana and similar amino acid sequences from other plants, Lycopersicon esculentum (L. esculentem; AAV36519), Arabidopsis thaliana (A. thaliana; NP_567623), Oryza sativa (O. sativa; AAV36521), and Physcomitrella patens (P. patens; AAX09672). Dashed lines are gaps introduced to maximize alignments. The conserved residues are indicated by black and similar residues are indicated by gray shadings finger protein, bZIP (GmBZIP) and CCR4 associated factor. Zinc finger proteins have been reported to be predominant in floral organs of petunia and Arabidopsis and they were proposed to be involved in the regulation of organ formation (Takatsuji et al. 1994; Kobayashi et al. 1998; Nishii et al. 2000; Hu et al. 2003; Zhang et al. 2005 ). Matsumoto (2006) also reported a CCR4-associated factor in longan floral bud that acts as a regulator of flower development.
The cDNA sequence of GmAGMBP contains the consensus sequence AGATAA and zinc finger CX 2 CX 18 CX 2 C. In plants, many genes and cDNAs encoding protein containing GATA-type zinc finger domain have been isolated, characterized and shown to be involved in diverse regulatory processes including flowering (Putterill et al. 1995; Song et al. 1998; Nemoto et al. 2003; Martin et al. 2004) . The amino acid sequence of GmAGMBP was found to be 51% identical to the AG-motif binding protein from N. tabacum which was reported to mediate transcriptional activation by binding to the AG-motif (AGATCCAA) of the wound-inducible Myb gene NtMyb2 (Sugimoto et al. 2003) . The CCR4-associated factor from Capsicum annuum (CaCAF1) was found to be essential for plant development and defence response (Sarowar et al. 2007 ). In addition, the soybean bZIP protein that showed high identity to GmBZIP was reported to function as a negative regulator of ABA signaling and conferred salt and freezing tolerance in transgenic Arabidopsis (Liao et al. 2008) . In summary, the functions of proteins with similar amino acid sequences to mangosteen transcriptional factors from other plant species were demonstrated to be related to stresses. This is further supported by a previous finding that the Arabidopsis Hsa32 (which has similar amino acid sequences to GmHSA32) was necessary for acquired thermotolerance during long recovery after acclimation (Chang et al. 2006 ). In addition, heat shock protein 70 (Su and Li 2008, Swindell et al. 2007 ) and metallothionine-like protein type 2 (Yuan et al. 2008 , Lü et al. 2007 ) that were reported to be related to stress were also found among the mangosteen floral transcripts. The isolation of these differentially expressed transcripts from the floral buds of mangosteen could possibly associate to environmental stresses that induce flowering in mangosteen or the stress response of floral tissues during the developmental process. This is not surprising as water stress due to drought has been reported to be able to stimulate flowering in mangosteen in previous findings (Ong 1976; Yaacob and Tindall 1995) .
In this study, GmAGMBP and GmBZIP were chosen for further analysis because they could be important in the flowering of mangosteen as many transcription factors have been reported to be involved in the molecular mechanisms of flowering in other plant species such as ZIM from Arabidopsis (Nishi et al. 2000; Shikata et al. 2003) , BZI-2, BZI-3/TB2F and BZI-4 from soybean (Strathmann et al. 2001) . We were particularly interested in analysing GmHSA32 in mangosteen flowers mainly because the GmAGMBP is a TUG consisting of two sequences while GmHSA32 and GmBZIP are single sequences. To our knowledge, the gene copy number of both GATA-type zinc finger and Hsa32 from A. thaliana and other plant species that showed high identities to mangosteen sequences has not been reported. Our results suggested that GmAGMBP might be single copy gene while GmHSA3A could possibly belong to a small gene family in the mangosteen genome.
Real-time PCR analysis revealed that all three transcripts have different transcript profiles in the floral tissues examined using 17S rRNA as endogenous control. The 17S rRNA sequence is known to be well conserved among eukaryotes (Takaiwa et al. 1984 ) and its constitutive expression in all tissues examined make it an appropriate endogenous control for real-time analysis compared to other candidates tested such as alpha tubulin and cyclophilin from mangosteen (data not shown). The highest abundance of transcripts was achieved in flowers with diameters ranging from 0.5 to 0.9 cm for GmAGMBP and GmZIP; and in flowers with diameters less than 0.5 cm for GmHSA32. This may correlate to their functions in these tissues during flower development. Several studies reported that proteins with GATA-type zinc finger were expressed predominantly in floral tissue. Simon and Coupland (1996) showed that the mRNA of Arabidopsis CONSTANS was found in very low levels in young leaf primordia and shoot meristem of seedlings, and elevated transcript levels were linked with early flowering. On the other hand, Strathmann et al. (2001) also reported that the tobacco proteins BZI-1 to BZI-4 were predominantly expressed in flower whereby the BZI heterodimers have a functional role in controlling the size of tobacco flowers especially the stamen and the petals. However, it is difficult to specifically predict the possible functions of these transcripts in mangosteen flowering as transcription factors belonging to these families exhibit a vast variety of functions. The abundance of GmHSA32 transcripts in flowers with diameters less than 0.5 cm indicated that it may involve in some biological or physiological processes at early flowering. Contrary to the result of reverse northern analysis, real-time PCR showed that the abundance of GmAGMBP and GmHSA32 was equal in both shoot tissues and flowers with diameters ranging from 1 to 1.5 cm. The discrepancy may due to nonspecific hybridization that happened during reverse northern analysis. In addition to transcription factors, cDNAs encoding enzymes involved in cell wall degradation such as pectate lyase and pectinesterase were also found to be differentially expressed in the flowers of mangosteen. Although flowers do not play an essential role in photosynthesis, there was one transcript encoding for photosystem I P700 apoprotein A2 among the TUGs. Since the floral buds at this stage were still green in color, they might contain chloroplasts and photosynthesis could be carried out to generate energy for flower development process.
In conclusion, we have identified 97 TUGs from an SSH library of young flower buds from mangosteen. The isolation of low abundant genes such as transcription factors indicated that the normalization step in this library was successful in equalizing the abundance of cDNA within the flower buds and enriching the rare transcripts. The subtracted cDNAs isolated in this study could be used as expression markers and further analyses of these genes may provide useful information on mangosteen flowering mechanisms. Realtime PCR analysis revealed that GmAGMBP, GmBZIP, and GmHSA32 have different transcript profiles in flowers of different developmental stages and young shoots that may relate to their functions in flowering.
